The trajectory planning method for electric vehicle in complex dynamic obstacle environment is an important research of electric vehicle intelligent auxiliary driving technology. In order to make the electric vehicle can run steadily under the high speed driving working condition. An improved genetic algorithm based trajectory planning method was introduced to optimize the generated trajectory. First, the seven times polynomial curve is used to generated trajectory. Then, the improved genetic algorithm is used to optimize the parameters of seven times polynomial curve to make the parameterized trajectory satisfy the dynamic constraints. The real vehicle test results showed that the improved generic algorithm trajectory parameters' variance is reduced greatly and the improved generic algorithm trajectory length is shorter than the traditional generic algorithm. The improved generic algorithm trajectory can satisfy the dynamic constraints better than the traditional generic algorithm trajectory, the optimized effect is effectively and the global optimal solution of the trajectory can be generated using the improved generic algorithm, the vehicle can steering steadily under high speed driving working condition.
Introduction
In recent years, under the double pressure of energy and environment, intelligent electric vehicle become the focus of the automobile industry [1, 2] . The intelligent electric vehicle can run along the planned trajectory in the event of a vehicle collision, so as to effectively reduce the accident rate [3, 4] . Trajectory optimization is to optimize the generated trajectory according to the multiple performance indexes, makes the generated trajectory is the optimal trajectory from initial state to goal state. Some trajectory optimization algorithm based on bionics is developed in recent years, where, the genetic algorithm has the advantage of simple and easy to use, strong robustness and global optimality compared with other optimization algorithms [6, 7] . In this paper, the dynamics constraints are considered in the trajectory optimization process, so as to the vehicle can run smoothly while travelling along the planning trajectory.
THE VEHICLE MODEL
The simplified dynamic model of the intelligent electric vehicle is shown in the Fig. 1 , which has 3 degrees of freedom for longitudinal motion, lateral motion and yaw motion of the vehicle, respectively. Where, F lf and F lr are the longitudinal forces on the front and rear tires, respectively, and F sf and F sr are the tire lateral forces on the front and rear tires, respectively. v, v x and v y is the vehicle's velocity, longitudinal velocity and lateral velocity, respectively. ,Ψ and ω are the vehicle body's side slip angle, the horizontal pendulum angular and the horizontal pendulum angular velocity, respectively. δ f is the steering input angle to the front wheels. l f is the distance from the center of gravity to front axle, while l r is the distance from the center of gravity to rear axle. The vehicle dynamic model can be described in equation (1) , which has 3 state variables for longitudinal velocity v, the vehicle body's side slip angle and horizontal pendulum angular velocity ω. 
THE TRAJECTORY PLANNING BASED ON SEVEN TIMES POLYNOMIAL
Suppose the point (x(t), y(t)) is on the trajectory, where, x(t) and y(t) is the function of time, so the trajectory, velocity and accelerated velocity just as formula (2)- (7), 
TRAJECTORY OPTIMIZATION METHOD BASED ON THE IMPROVED GENETIC ALGORITHM

Mathematical Model
(1) Determine the optimization parameters The trajectory's shape is determined by the seven times polynomial's coefficients. Suppose
] , when the coefficients are obtained, the obstacle avoidance trajectory is generated. So the two matrix S and F are optimized to generate optimal driving trajectory.
(2) Establish the objective function The trajectory is generated by seven times polynomial, suppose [ ]，the length of trajectory just as formula (8):
Because the formula ∫ √ ̇ ̇ and formula ∫ ̇ ̇ has the equal optimized results, so make formula (9) as the objective function.
(3) Determine the dynamics constraints In order to make the car run steadily on the road, the relevant dynamics constraint conditions should be met. The trajectory characteristic value of dynamics constraint conditions are as shown in formula (10):
Where, y a is lateral acceleration, is horizontal pendulum angular velocity.
The problems of improved genetic algorithm
Results should be clear and concise.
(1) Coding, initial population and fitness function In order to overcome the shortcoming of binary code, the floating-point encoding method is adopted. A certain size number of initial population is generated, where, each individual is a certain length of chain, the group represents a collection of optimization problem' possible solutions. For solving the objective function is minimum, the relationship between the objective function and fitness is inversely proportional, so the fitness function is as shown in formula (11), {
Where, is the maximum of is each individual's objective function values in a population.
(2) Selection The combination of elite preservation and sorting selection algorithm is adopted in the improved genetic algorithm, and the best individual in the process of evolution might be destroyed, elite is saved to ensure the optimal individual parent can be preserved in the process of evolution. Sorting method can guarantee the population diversity during the process of evolution.
(3) Crossover Due to the floating point coding method is adopted, so the arithmetic crossover method is used in the crossover operation. The crossover operation method is as shown in equation (12)
Where, represented the Ath and Bth chromosomal offspring generation (h+1). represent the Ath and Bth chromosomal parent generation h.
is the random number in [0, 1]. (4) Mutation Because the method of floating point coding is used in the improved genetic algorithm and seven times polynomial parameter belongs to the higher dimensions, the parameter accuracy requirement is high, so the Gaussian approximation variation method is used in the improved genetic algorithm. The gauss mutation method has strong local search ability. When the mutation operation is done, suppose the scope of change point is [ ] and is the uniform distribution random function with the scope of [0, 1], then the gene that conform to the normal distribution can be determined by formula (13) and (14), ∑
(14) (5) The best individual preservation and algorithm combination strategy
The best individual preservation strategy is adopted, that is, the best individual of parent generation is reserved before genetic operation. The worst population fitness value after individual genetic operations is replaced by the best individual in the generation of replacement. Reciprocating, this strategy can improve the convergence speed. The classical nonlinear programming algorithm has stronger local search ability, but the global search capability is weak; Genetic algorithm's global search ability is stronger, but local search ability is weak. Therefore, this paper combines the advantages of two algorithms, in order to get the global optimal solution of the problem.
REAL VEHICLE TEST AND ANALYSIS
In order to verify the superiority of this method, the real vehicle test using the traditional genetic algorithm and this paper's improved genetic algorithm is done respectively. A certain type of four-wheel independent drive electric vehicle's configuration parameters are as follows: the wheelbase is 2.578 m, the total length is 4.199 m, the total width is 1.786 m. Multiple CCD cameras, GPS, laser radar and ultrasonic sensors are used to know the obstacles' position and the distance away from the car. The optimized trajectory is transmitted to the controller of the vehicle, the controller control vehicles running along the planned trajectory. The dynamic constraint conditions lateral acceleration a y and horizontal pendulum angular velocity ω just as formula (15) a, b, c, d, e, f, g, h, i, j, k, l, m , n, o, p are needed to generate the trajectory. So this paper's optimization method is used to optimize the sixteen parameters to meet the constraints. The comparison table of the trajectory parameters using the traditional genetic algorithm and improved genetic algorithm respectively are shown as Table 1 . The trajectory, horizontal pendulum angular velocity ω, vertical velocity , lateral velocity , vertical acceleration , lateral acceleration 's changed curve along with the time are showed as Figure. 2- Figure.7 .
We can see from the Table 1 that the trajectory length using this paper's optimized method is 3.2486 m shorter than the length using the traditional method, and the variance of the parameters , , , and ω are reduced greatly, the comparison showed that the effect of this paper's optimized method is obvious.
We can see from Figure. 2- Figure. 7 that using traditional GA, the maximum lateral acceleration is a y =4.89 m/s 2 and the maximum horizontal pendulum angular velocity ω=2.89 /s, they can not satisfy the dynamic constraints a ymax ≤4 m/s 2 and ≤2.8 /s. Using this paper's improved GA, the a ymax =3.35 m/s 2 can satisfy the constraint a ymax ≤4 m/s 2 , can satisfy the constraint . In the other hand, we can see from the Figure. 2- Figure. 7 that the peak value of the improved GA optimization parameters v x , v y , a x , a y , are lower than the peak value of the traditional GA parameters and the improved GA's optimization changed curve are more smoothly. The experiment results showed that the stability of the vehicle is improved, control quality is also improved. 
CONCLUSIONS
(1) A trajectory planning method based on the seven times polynomial is built. The planned trajectory has the advantage of continuous curvature, and the trajectory shape can be changed by adjusting the polynomial coefficient, it can provide condition to optimize the trajectory for the next step.
(2) Considering the constraints of the vehicle dynamics, this paper proposes a method based on improved genetic algorithm to optimize a trajectory. Compared the traditional genetic algorithm, this method use the best individual preservation strategy to improve the convergence speed and combine the genetic algorithm and classical nonlinear programming algorithm to combine with the global search and local search ability. The global optimal solution of the trajectory can be generated using this paper's improved GA method.
(3) In order to verify the superiority of this method, the real vehicle experiment using traditional GA and improved GA is done respectively. The comparison results showed that the improved GA trajectory parameters' variance is reduced greatly and the improved GA trajectory's length is shorter than the traditional GA. The improved GA's trajectory can better satisfy dynamic constraints than the traditional GA's trajectory, optimization effect is obviously, the vehicle can drive along the optimal trajectory stably. Traditional GA Improved GA
